In this study, hedonic house price functions are formulated using the single-family house market in the 23 wards of Tokyo as the subject. In the formulation of hedonic models, the generation of omitted variable bias is thought to occur in cases when, in addition to locational factors (i.e., factors involved in decision making when buying a property) and building structures which affect the house prices, local environmental variables and the individual characteristics of house buyers, such as their income, are not taken into consideration. However, since it is difficult to obtain local environmental information in a small neighborhood unit and to observe individual characteristics of house buyers in the property market, these variables have not been sufficiently considered in previous studies. In the current study, I aim to improve the hedonic model by incorporating local environmental factors and data on family income in a small neighborhood unit using a geographic information system (GIS). I demonstrate that, without considering these variables, non-negligible levels of omitted variable bias are generated in the variables that are major factors in determining house prices, such as ground area, front road width, distance to the nearest station, and the travel time to the central business district.
in the actual construction of hedonic models, very few studies have appeared in which these variables are incorporated explicitly (Asami and Gao (2006) ). This lack is due to the problem of bias as a result of omitted variables in the estimation, which occurs because of the impossibility of incorporating all variables that must be considered (Ekeland et al. (2004) ).
However, if information on the attributes of a family such as income cannot be obtained directly, then it may be natural to attempt to replace the information with collected statistical values and other observable variables. In addition, with the provision of spatial information and progress in spatial information processing technologies, it has become possible to observe data in a small neighborhood unit which represent regional characteristics at a level much higher than before.
Under such circumstances, in this study, starting from a hedonic model in which only the building attributes and locational characteristics are considered, I attempt to construct a model wherein regional characteristics in a small neighborhood unit and family income attributes, which have not been considered before(in Japan), are taken into account. Since such regional characteristic variables and the family income attribute variables affect each other, they show externalities. Therefore, I call them neighborhood effect variables. By comparing a model incorporating these variables with a model that does not include them, I clarify whether or not omitted variable bias is generated.
Results showed that, in the model considering neighborhood effect variables, the explanatory power was improved compared with the simple linear model. At the same time, each of the neighborhood effect variables, which served as subjects of urban policies, was adopted with statistical significance. As neighborhood effect variables, I adopted the conditions of the use of land and buildings and the building density in a unit of 500 x 500 (m 2 ) mesh, as well as average gross floor area and the ratio of office-worker households, which are both proxy indexes representing income level and are collected in the national census. In addition, I measured the road traffic noise at each point of the unit.
Furthermore, to consider regional characteristics that cannot be explained by the incorporation of these variables, I incorporated latitude and longitude coordinates as variables, and expanded the original hedonic model. In addition, I further improved the model by assuming a close relationship between locational characteristics and land-use density. Namely, I obtained the land-use density in each zone defined by urban planning, and incorporated the cross terms of the land-use density with the ground area, floor space, front road width, age of the building, time to the nearest station, travel time to the central business district (CBD), and the floor area ratio, all of which have significant affect on house price, in the model to obtain an approximate model that controls fixed effects.
As a result, I found that non-negligible bias was generated in the estimated parameters of not only the variables representing locational characteristics such as the front road width, time to the nearest station, the a dummy variable for bus transportation (bus dummy), and travel time to the CBD, but also the age of the building. 2．Hedonic model with consideration given to neighborhood externalities
2.1.Effect of neighborhood externality on price
Locational activities are affected by environmental factors in the broad sense of the term, such as accessibility to transportation, possibility of development, or the conditions imposed on the use of buildings in the neighborhood. In addition, the possible use of buildings is restricted by land-use regulations. One purpose of land-use regulations is to ensure high-quality urban space by separating the land in accordance with its different uses and by eliminating effects that induce external diseconomy. If these factors have some effect on people's locational activities, these factors are also reflected in house prices. Namely, "capitalization" through so-called "voting with your feet" is generated (Tiebout (1956) ).
Thus, the house price is determined by factors such as the living environment resulting from land-use regulations, locational characteristics such as travel time to the CBD, the conditions imposed on local land use, the condition of the building including its age after construction and floor space. Various differentiations can be made in terms of performance and function.
Additionally, as formulated by Rosen (1974) , a bid-rent function, which constitutes a hedonic model, is determined by the characteristics of family income.
However, in many cases of hedonic-model estimation, characteristics of family income are ignored, and estimation is often made using only variables that can be obtained. Additionally, differences in geographical attributes are in most cases replaced by the travel time to the CBD or by dummy variables representing the local environment. However, when a gap appears in the price structure in terms of space and unobservable geographical differences are a factor, the use of these proxy variables is not sufficient. In the parametric polynominal expansion model proposed by Jackson (1979) or in geographically weighted regression (for example, Zuang (2006)), the formulation of functions with consideration given to spatial heterogeneity is possible; however, back ground causes of heterogeneity in the conventional hedonic model cannot be dealt with explicitly.
Under such circumstances, in this study, I aim to improve the hedonic model by organizing attribute information on local land-use conditions and regional household characteristics as neighborhood effect factors.
Estimation model
In this study, I set up the following hedonic model using the market of single-family houses and land in the 23 wards of Tokyo as the analytical subject. In the model and in accordance with previous studies, I set the following variables as major explanatory variables (X h ) that determine house prices: ground area (GA), floor space (FS), front road width (RW), age of building (Age), time to nearest station (TS), and travel time to the CBD (TT) (see, for example, Shimizu and Nishimura (2006) , (2007)). The model composed of only these basic variables is referred to as Model-1.
In addition, I also considered some dummy variables including a location (ward) dummy (LD j ) and a railway dummy (RD k ) as locational characteristics as well as a time dummy (TD l ) to take into account the difference in the transaction time, in addition to the variables for the time elapsed between putting a house on the market to the conclusion of the contract (market reservation time, Z 1 ), and the direction the windows face (Z 2 ).
In addition to these variables, I expanded the model to one that takes neighborhood externalities into account, which is the major aim of this study. First, to handle neighborhood externalities explicitly, I incorporated variables (V n ) that represent neighborhood externalities.
V n mainly comprises the following: zoning restrictions imposed by urban planning, which is generally available information, the local land-use conditions (LU), which can only be obtained by actual on-site observation, and the residential household characteristics (HC), as well as the road traffic noise (NOi), which is a strong environmental externality. The model in which the neighborhood effect variables (V n ), the floor area ratio and its cross terms with the major variables to deal with the heterogeneity of variance, and the coordinate data (u, v) are incorporated is referred to as Model-3.
2.3.Difficult-to-observe neighborhood effect factors
In defining variables based on local land-use conditions (LU), I used individual building data from the "Survey on Land Use in Tokyo" in fiscal 2001. In this survey, data on 1,662,088 buildings are arranged as geographic information system (GIS) data (polygon data), wherein the conditions of use, area, structure, and other parameters of buildings are presented. With these data, I calculated (1) the number of buildings, (2) the average area of all buildings, and (3) the standard deviation of building area in each square of side length 500 m, which corresponds to the tallying region of the national census. The average area serves as a variable with the same characteristic as the building density, and the standard deviation of the building area was assumed as a proxy variable representing the appearance of the town. It is assumed that, in a region with a small standard deviation, houses have similar sizes along well-ordered streets, whereas in a region with a large standard deviation, the appearance of the town is not well-controlled.
As household characteristic (HC) data, I set the following items as variables in accordance with the national census: (1) the number of households, (2) the ratio of households with elderly people (the number of households having an individual aged 65 years or older/total number of households), (3) the ratio of households with an office worker (specialist and engineer employees + management-level employees + clerical employees/total households). The ratio of households with an office worker is assumed as a proxy variable representing the differences in the income and academic background in a region. This can be done because these employees are generally known to have a more academic background and higher income level on average than households with other occupations.
I also incorporated data on the floor space per household. The average area calculated from the "Survey on Land Use in Tokyo" is the average area of buildings existing in a mesh regardless of ownership, whereas the average area observed in the national census means the floor space attributed to a household, which is different from the former area index. I consider that, while the former is a proxy variable representing ambient environment, the latter can be used as a proxy variable representing assets or income.
In addition, I incorporated road traffic noise as a variable representing the quality of the local environment. Road traffic noise is not a cause of direct noise pollution; because a high degree of air pollution also occurs in a region with a high level of road traffic, I judged that road traffic noise is a representative index of local environmental quality. For the method used to measure road traffic noise, refer to the Appendix.
Data

Single-family house price
The analysis data used in this study is summarized in the following. As the subject of the analysis, I used the data for transactions concluded in the 23 wards of Tokyo (621 km2 i) the initial asking price (first offer price) when the house was placed on the market, ii) the price upon removal from the magazine (estimated purchase price: first bid price), and iii) the actual transaction price, which is collected as a sample for statistical purposes. The first asking price represents the seller's desired price rather than the market value. In contrast, the transaction prices are enouph to estimate hedonic model considering neighborhood effects.
From the information published in Residential Information Weekly, I decided to use the price at the time of removal from the magazine upon the conclusion of the contract as the explained variable of the model. The price at the time of removal from the magazine is the first price offered by a prospective buyer; such a bid is offered through the process in which several particulars of characteristics and price are disclosed to the market via the magazine, and the price is decreased until the buyer responds to that information in a manner opposite to that of an auction.
Thus, this price indicates the upper range of market price but it is extremely near transaction price.
(Comparing resuls of 962 samples we observed between ii) last listed price and iii) transaction price, above the 95% samples are equal).
Data regarding house characteristics
The price of a single-family house is determined by information on the land and the building.
As the numerical data representing the attributes of the land and building, I adopted ground area (GA), floor space (FS), and front road width (RW). The age of the building is the period from the construction of the building to the conclusion of the transaction. To take into account whether the house's windows are south-facing or not, I defined a south-facing dummy (SD). In addition, when a house has an adjacent private road, this is handled by a private-road dummy (PD); when a transaction is only for land without a building, it is handled by a land dummy (LD). Regarding the time to the nearest station, times for different means of transportation are available. There are three means of transportation: by foot, by bus, and by car. However, the data for analysis only include houses within walking distance or bus-transportation distance. Therefore, any difference in the distance between the former and latter is controlled by a dummy variable (bus dummy: BD). In addition, the walking time (in minutes) is recorded when the house/land is within walking distance, and walking distance from the house/land to the bus stop and the onboard time from the bus stop to the nearest station (in minutes) are recorded in the case of houses/land in a bus-transportation area. The time to the nearest station (TS) is defined as (walking time to nearest station) + (walking time to bus stop) + (onboard time from bus stop to nearest station). Then, for a bus-transportation area, the cross term of the constant dummy variable with the time to the nearest station (TS) is incorporated in the bus dummy.
These variables are factors attributed to the location or buildings that are single-family houses; regional price differences are expected to exist as well. Therefore, I set a ward dummy (WD) to reflect differences in the quality of public services and differences in the prestige of regions.
Furthermore, since most of the residential ground developments in the Tokyo metropolitan area have been carried out along railway lines, the price structure of houses differs along each railway line; therefore, I defined a railway line dummy (RD). Moreover, I used a time dummy (TD) to control differences in temporal price changes.
The sale price of each property is also affected by the fluidity and depth of the market. The time taken until the contract is concluded is considered to be affected by the period and location and by the level of activity of transactions in the market. I explain such market factors using variables such as market reservation time (RT). The RT is the time between the date when a land/house is placed on the market by a seller and the date when the transaction is concluded.
Properties with a long market reservation time are regarded as having a price higher than the equilibrium price or participating in a thin market. Conversely, properties with a short market reservation time are regarded as being in a market with high fluidity or having a price close to or lower than the equilibrium price. For our purposes, I defined the market reservation time as the time between the first listing of the property in the magazine and its removal from the magazine due to contract conclusion. Table 1 shows a list of the explanatory variables. The observation data consist of 13,822 transactions concluded between January and December 2,000. Table 2 shows descriptive statistics of the major variables.
2.4.3.Statistical distribution of single-family house prices
The average single-family house price is 72.11 million yen, the minimum value is 10.50 million yen, and the maximum value is 398.00 million yen, with a fairly large standard deviation of 43. Regarding the age of the buildings, while the average age is 5.28 years due to the inclusion of a large number of newly built houses, the maximum value is 41.33 years, with a right-skewed distribution.
Regarding the time to the nearest station, there are properties with a minimum value of 0 minutes that are located in front of a station; the maximum value is 36 minutes, with an average value of 10 minutes. On average, while many properties are conveniently located, some are located in areas with inconvenient public transport.
The minimum travel time to the CBD is 1 minute, which indicates that there are properties located adjacent to main terminal stations. The maximum travel time is 33 minutes, and the average time is 11 minutes. The variation is small because the subject of the analysis is the 23 wards of Tokyo, wherein which a dense railway network has been developed. 
3.1.Formulation of hedonic models
I formulated Model-1 on the basis of eq. (1) using the market for single-family houses and land in the 23 wards of Tokyo. The results are shown in the following. Since the adjusted R-square value is 0.645, the formulated model has a fairly high explanatory power as a primitive model. The model was basically linear, and the selection of variables constituting the zoning dummy and railway line dummy was performed by a best-subset selection procedure based on Malow's CP when the major variables (X h ) were incorporated.
Using Model-1 as a starting model, I formulated other models wherein consideration is given to neighborhood effect variables (Table 3) .
First, in Model-2, the urban-plan zoning dummies for house use, commercial use, and industrial use, as well as the floor area ratio and the lot area ratio were added. After incorporating the variables adopted in Model-1, I selected variables to be added by the best-subset selection procedure. As a result, the commercial-use zoning dummy and the floor area ratio were adopted.
Next, I formulated Model-3 by incorporating the ambient land-use conditions (LU), the household characteristics (HC) obtained in the national census, and the road traffic noise (NOi) as neighborhood effect variables, and by adding the cross terms of the floor area ratio with major variables as well as the latitude and longitude coordinates. After incorporating the variables adopted in Model-2, I included the squared terms and cubed terms of the latitude and longitude coordinates and added variables corresponding to V 4 , V 5 , and V 6 . In concrete terms, I
incorporated the variables adopted in Model-2 and the cross terms of the floor area ratio with the major variables and selected other variables by the best-subset selection procedure. Table 3 shows the variables adopted. When the formulated models were compared, both Model-2 (adjusted R-Square: 0.693) and Model-3 (adjusted R-Square: 0.712) showed improved explanatory power as evaluated by the adjusted R-square value. In Model-2, the estimated values of the commercial-use zoning dummy and the floor area ratio have positive signs. However, neither estimate is statistically significant, even at the 5% significance level. When a comparison is made with Model-3, only when other variables such as neighborhood effect variables, position coordinates, and fixed effects are incorporated are the estimates of the commercial-use zoning dummy and the floor area ratio statistically significant at the 5% significance level and 1% significance level, respectively.
Regarding their signs, the commercial-use zoning dummy has the effect of decreasing the house price; we can see that house prices tend to be high in regions with a high floor area ratio. Since many regions have a poor living environment among commercial districts, I assume that such an effect was exhibited in the model. 
Table3. Estimated results of modified hedonic models.
3.2.Effect of neighborhood externalities on house price
Ambient land-use conditions: LU
According to Model-3 regarding ambient land-use conditions (LU), the estimated average building area per mesh (500 m x 500 m) had a positive sign and was statistically significant at the 1% significance level, indicating that an increase in the average building area positively affects the single-family house price. In contrast, the estimated standard deviation of the building area had a negative sign and was statistically significant. In addition, while the estimated building density had a positive sign, the estimated second-order term had a negative sign. In a region with a large average building area and uniform areas of buildings, the local environment is pleasant and the appearance of the town is well ordered, which causes house prices to increase. However, as the variation in building area increases, the local environment deteriorates, resulting in a decrease in house price.
Regarding building density, i.e., the degree of concentration of buildings in a regional unit, the primary term, which affects property values linearly, has a positive effect, whereas the estimated second-order term had a negative effect and was statistically significant. This suggests that an appropriate degree of building concentration has a positive effect on property values, whereas high concentration has a negative effect.
Household characteristics: HC
Regarding the household characteristics surveyed in the national census, the office worker ratio, as defined in section 2.3, and the average building area per household were adopted in Model-3.
Both of these variables were estimated to have positive signs and were statistically significant at the 1% significance level. Since the academic background and income of people working in these occupations are expected to be high, the office worker ratio variable is considered to serve as a proxy variable representing both the ability to buy a house and the academic background. The average building area per household was adopted independently of the average building area (GIS data), and similarly it was estimated to be a positive externality.
In houses in a region with a large average building area according to GIS data, the likelihood that attention is paid to the façade (appearance) of the houses, such as tidy hedges, is high, so that an externality due to such physical contributions to the urban space is expected; I consider this the reason why the estimated average building area has a positive sign and is statistically significant.
Meanwhile, at the level of the household unit, a large building area means a large area owned by a household; accordingly, the variable of the average building area shows characteristics of a proxy variable representing the assets and economic power of households. Thus, these two effects are estimated independently.
In other words, this suggests that in a region of households with high income and considerable assets, house prices tend to be high. Such a result is consistent with an economic model proposed by Rosen (1974) , thus indicating that house prices are not determined only by physical factors such as the houses themselves.
Environmental externalities/road traffic noise: NOi
It is natural to expect that house prices are strongly affected by environmental externalities such as air cleanliness and noise, independent from the physical environment such as the town appearance set as LU. Here, I also incorporated the road traffic noise (NOi) as an environmental externality independent from ambient land-use conditions (LU) and household characteristics (HC).
Since the road traffic noise is determined by the amount of road traffic, I considered that it could serve as not only the externality of noise but also as a proxy index representing air pollution and safety. Results of the estimation showed that road traffic noise had a negative sign and was statistically significant at the 1% significance level, and that an increase in noise by 1 dB decreased the house price by 1.8%.
Other factors
The fixed effect was controlled by the cross terms of the floor area ratio with the major variables, and the estimated values were statistically significant for all variables at the 1% significance level.
Regarding the coordinate values (u, v), the cubes of latitude and longitude were adopted. This feature suggests that, in this model, geographical attributes remain that cannot be absorbed by the incorporation of travel time to the CBD, the land (ward) dummy, the railway line dummy, and the neighborhood effect factors.
3.3.Omitted variable bias
Through the above analyses, we have shown that neighborhood effect variables significantly affect house prices. Consequently, if we do not take these variables into consideration, omitted variable bias is generated in the values estimated by hedonic models. Therefore, I compared the three models formulated in this study, i.e., Model-1, Model-2, and Model-3 (Table 4) , and measured the bias levels.
Comparison between Model-1 and Model-2
When Model-1 and Model-2 are compared, we see that the ground area (GA) is estimated as being too high in Model-1, but no difference is apparent in the estimated parameters of the other major variables between the two models. In concrete terms, while ground area was estimated as (-0.001) in Model-1, it was estimated as (-0.005) in Model-2.
The difference between these two models is due the presence or absence of the land-use regulation dummy and the floor area ratio. Since the floor area ratio and land-use regulation cause a change in the effectively available area, the occurrence of large differences between the statistics estimated using the models with and without these variables is expected.
For example, the ground area has a strong correlation with the effective area of land available for construction. Meanwhile, an increase in the floor area ratio increases the effective area available for construction in the vertical direction independent of the planar area; thus, there is a replacement relationship between the ground area and the floor area ratio. Consequently, when the floor area ratio and the commercial land-use regulation dummy were considered in Model-2, the estimated parameter showing a decrease in the house price accompanying an increase in the area was significant.
Regarding the variables other than ground area, it is difficult to assume a strong correlation with the floor area ratio or land-use regulations. Consistent with this hypothesis, the results showed no differences in the estimated parameters for the variables other than ground area between Model-1 and Model-2; thus, the correctness of this hypothesis has been verified.
Comparison between Model-2 and Model-3
Next, I compared Model-2 and Model-3. In Model-3 the variables LU, HC, and NOi are This means that the effect of each variable considered as a neighborhood effect variable in Model-3 was integrated in the major variables in Model-2.
First, regarding RW, in residential districts in the 23 wards of Tokyo where houses are densely built, it is predicted that, as RW increases, insolation and ventilation are improved and public spaces are widened, leading to an improvement in the local environment. Therefore, when neighborhood externalities are not considered, it is possible that such environmental factors were absorbed in RW in the estimation.
Table4．Comparison of estimated parameters. Regarding the variables representing the convenience of public transport such as "time to nearest station", "bus dummy", and "travel time to the CBD", when environmental factors such as the neighborhood externalities were not considered, the house price was estimated to decrease with the physical distance from the CBD. However, as the distance from stations with large amounts of commerce (a large CBD) increases, environmental factors such as building density and road traffic noise improve. When this is taken into account, as the distance from the center of a city or from regions with a large amount of commerce increases, these environmental factors may cause the house price to increase. Thus, when the neighborhood externalities are taken into consideration, the effects of "time to nearest station", "bus dummy", and "travel time to the CBD" are less negative.
Method of Estimation
OLS
Regarding the age of buildings, it is unlikely that house prices decrease uniformly with age in the entire city. In districts where the environment is pleasant, the decrease in the house price with the time since the construction of the house is likely to be suppressed. Accordingly, by taking into consideration the neighborhood effect variables representing the local environment, the negative effect of age is reduced.
As described, we can see that, without taking into consideration the neighborhood effect variables, non-negligible omitted variable bias is generated in the hedonic model of the housing market in the 23 wards of Tokyo.
4．Concluding remarks
In this study, to estimate hedonic price functions, I focused on the problem of omitted variable bias and attempted to clarify the effect of the incorporation of neighborhood effect variables as a means of reducing this bias. In concrete terms, starting from a hedonic model wherein only the building attributes and locational characteristics are considered, I expanded the model by incorporating neighborhood effect variables and observed changes in the estimated parameters.
As a result of the analyses, the following items were clarified. Starting from Model-1, in which the estimation is carried out using only generally available information, I incorporated neighborhood effect variables into the model. The effects of incorporating the variables representing the land-use conditions (LU) were as follows.
-The estimated average building area in a mesh (500 m x 500 m) acted positively and was statistically significant. This may indicate that a large area per building acts as an externality, thereby affecting house prices positively. However, the estimated standard deviation had a negative sign and was statistically significant.
-As a reason for this, I found that, when the areas of buildings surrounding a house are similar, the region has a well-ordered appearance, which is a positive externality, whereas when the variation is large, the region does not appear well-ordered, leading to a negative externality.
-Regarding building density, while the estimated primary linear term had a positive sign, the estimated second-order term had a negative sign. An appropriate degree of building density produces a positive effect, but when the density becomes too high, a negative externality is induced.
Next, I considered the household characteristics among variables obtained in the national census. I also introduced road traffic noise as another environmental externality.
-The indices of the number of office workers and the average gross floor space per household were adopted, and their estimated values acted positively and were statistically significant. The number of office workers is a proxy variable representing the levels of academic background and income. The average building area per household is a proxy variable representing asset size.
From this result, the importance of taking into consideration the individual attributes of households, such as income and academic background in the estimation using hedonic models, as
shown by Rosen (1974) , was also demonstrated.
-With respect to the road traffic noise, it was shown that an increase in the noise level of 1 dB decreases the property value by 1.8%.
Using these estimated results, I confirmed that omitted variable bias is generated in a model wherein neighborhood effect variables are not considered.
Starting from Model-1, the commercial-use zoning dummy and the floor area ratio were added in Model-2; the comparison between Model-1 and Model-2 showed that the estimated statistical value of the ground area in Model-1 was approximately twice that in Model-2. No effects of incorporating the variables of "time to nearest station", "bus dummy", "travel time to the CBD", and "age of building" were noted.
In addition, when Model-3, in which the neighborhood effect variables were incorporated, was compared with Model-2, effects of "time to nearest station", "bus dummy", "travel time to the CBD", and "age of building" were observed in Model-3.
-The estimated parameters in Model-2 compared with those in Model-3 were 1.7 times greater for the front road width and 1.3 times greater for the time to the nearest station, showing large differences. The absolute values of the estimated parameters of the bus dummy, the travel time to the CBD (TT), and the age of the building in Model-2 were larger than those in Model-3. This difference arises because, when the effects of the variables relating to the neighborhood effect variables are not considered as in Model-2, such effects are integrated in variables such as "time to nearest station", "bus dummy", "travel time to the CBD", and "age of building", so that these variables are estimated to have high values. Thus, the problem that the generation of omitted variable bias is at a non-negligible level was confirmed.
In this study, by considering the neighborhood effect variables represented by the environmental variables and the incomes of households in a small neighborhood unit, I aimed to expand the initial hedonic model and to clarify their effect on reducing omitted variable bias. As demonstrated by the series of estimated results, when the neighborhood effect variables were not considered in the estimation using hedonic models, bias was generated in the estimated parameters.
The application of hedonic models as an evaluation method for the effects of urban policies has been actively attempted in Japan. I hope that this study contributes to the evaluation of such policies.
Appendix．Measurement of road traffic noise
I measured the road traffic noise by field investigation and using a prediction method in accordance with ASJ Model 1998 by measuring and estimating equivalent noise levels LAeq,16h
during the daytime reference time period (from 6 am to 10 pm). This method of measurement was chosen because I judged that the prediction would only yield the effects of roads on property values as the subject of the analysis, in contrast with actual measurements wherein measurement errors are generated due to variable factors (measurement day and time, measurement point). In addition, prediction errors were expected to be smaller than measurement errors.
The measurement sites comprised 202 sites in Setagaya ward, Tokyo. Measurements were performed at a point 1.2 m above the ground and 1-2 m from a building at the measurement site.
At sites where a reflection effect was predicted, a correction of -2 dB was applied to the measured value. Measurements were performed between 2 pm and 6 pm on September 16 and 18, 2000, with a measurement period of 5 min at each site. The measurement procedure was as follows:
signals (noise) received by an omnidirectional microphone (Rion NL-04 and NL-06) were recorded on a data recorder (Sony-D10). Then, an equivalent noise level LAeq.,5min for the 5 min signals, in which sounds other than the traffic noise on the subject road were excluded from the signals obtained from 10 min measurement, was obtained by an integral-average noise meter.
This value was defined as the daytime equivalent noise level LAeq.,16h. We pressed the pause
